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Abstract: 
 
The Lofoten-Vesterålen marine shelf is one of the most geologically diverse coast and 
offshore margin areas in Norway. This leads to huge heterogeneity in marine 
environments, and often high biodiversity. However, little is known yet about the 
benthic communities in this region. Within the ARCTOS LoVe MarineEco project the 
epibenthic communities of the Hola trough (Vesterålen) are analysed to give a first 
description of their spatial distribution. In this trough both a complex hydrodynamic 
system and varied topographic submarine elements occur. Trawling samples were 
collected for two different approaches: one in a meso-scale and another in a small-scale. 
For the broad scale a transect consisting in three stations was developed, while for the 
fine scale a small area on a sand wave field, consisting in five stations called HolaBox, 
was sampled. All organisms were intended to be identified to species level and colonial 
fauna was discarded for the analysis. Different diversity indexes were assessed 
(Shannon index (H’) and Pielou’s eveness (J’)). Clustering and nMDS analyses 
identified four statistically significant groups in terms of abundance (ind./100m
2
). A 
total amount of 211 different taxa were found within all stations. The more outer part of 
the transect (close to the shelf edge) presented a huge abundance of organisms and was 
dominated by the hemi sessile tube-builder polychaetes Nothria conchylega and Eunice 
dubitata and the sea urchin Gacilechinus acutus, while the more inner parts presented 
less abundance of individuals. Probably some upwelling produced by the Norwegian 
Atlantic Current (NWAC) is influencing the shelf edge increasing the primary 
production and, therefore, enriching the seafloor in this region. The sand wave field 
presented two different groups with few amount of individuals. Small-scale variability 
could be produced by the high heterogeneity within the different types of sand waves, 
while the scarce abundance of animals can be produced by the permanent changing 
environment that movable sand waves produce. Here more active and mobile fauna was 
found such as brittle stars and hermit crabs (among others). Finally, a fourth group was 
found in the most inner station of the transect, laying on a ridge in the central part of the 
trough.  This station, with coarse substrate, was mainly dominated again by brittle stars 
and sea urchins. We can conclude that this is a really heterogeneous trough in 
environments and therefore in communities (even in a local scale). More detailed 
studies that focus in the local environmental drivers have to be carried out to get an 
integrated understanding of the structure of benthic communities in this system. 
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1. Introduction 
Marine benthic communities consist of marine organisms that live permanently or 
the major part of their life cycle on or in the seafloor. Most of these organisms are ses-
sile and remain in the same region as adults. Therefore, they have to cope with the envi-
ronmental factors that shape the benthic ecosystem (Eivind Oug, 1998) (e.g physical 
and chemical properties of water masses, geologic and orographic features of the sea-
floor, changes in productivity and input of nutrients) or with anthropogenic factors (e.g. 
pollution, trawling, oil extraction or fish farming) (Anastasios Eleftheriou, 2013). 
Therefore, benthic communities are considered to be a key indicator for marine ecosys-
tem monitoring (Eivind Oug, 1998).   
One of the main issues in the Norwegian waters is the scarce knowledge on the dis-
tribution and biology of benthic communities. In order to fill this gap the MAREANO 
(Marine AREA database for NOrwegian coast and sea areas) mapping programme is 
elaborating a map of the Norwegian shelf including the acquisition of bathymetry, bio-
logical samples from the seafloor as well as geological information (Buhl-Mortensen et 
al., 2012). The final aim of this project is to provide an integrated description of the 
spatial distribution of marine living biota looking at the large scale patterns and to de-
limitate the different existing habitats so that can be used for management purposes 
(Buhl-Mortensen et al., 2012). 
Management in the sea is necessary to regulate human activities that can threaten the 
diversity or functioning of marine ecosystems. By the characterization of habitats one 
can decide which the best emplacements are for these activities so that they cause the 
minimum possible impact.  
The offshore areas of Nordland and Troms (northern Norway) are relevant in eco-
nomic aspects such as fisheries and potential oil prospection sites. Several expert groups 
have reported to the Norwegian government that this area must be considered as valua-
ble and sensitive regarding to biological resources (Buhl Mortensen et al., 2009). 
At the same time, it has been stated that the Lofoten-Vesterålen marine shelf is one 
of the most geologically diverse offshore margin areas in Norway (Thorsnes et al., 
2009). Therefore, regarding the habitat-diversity hypothesis, which asserts that an in-
crease in habitat heterogeneity leads to a rise in species diversity (Whittaker et al.,2001; 
in Buhl-Mortensen et al., 2012) it seems that this region can be considered a hot spot in 
marine biodiversity.  
The present study is part of the ARCTOS LoVe MarineEco project. While 
MAREANO is looking at broad scale patterns the LoVe MarineEco project focuses its 
efforts on the study of benthic communities on a smaller scale, particularly in the 
Lofoten-Vesterålen region. In the present research we drive our attention towards the 
Hola marine trough (Vesterålen islands). This trough is a marine valley with a complex 
hydrodynamic system and a large variety of submarine topographic elements.  
The objectives for this study were (I) to describe epibenthic communities along the 
Hola trough and (II) to assess the variation in community composition in a meso-scale 
and small-scale approach. For the former, 3 stations were deployed covering a transect 
along the trough with different seafloor morphologies. For the latter, 5 stations covering 
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a smaller area, were sampled pretending a zoom in within the transect to study small-
scale variability on a sand wave field.  
 
2.  Materials and methods 
2.1. Study Area 
The samples taken for the present research were located in the Hola trough situated 
between the submarine banks of Vesterålsgrunnen and Eggagrunnen (Bøe et al., 2009). 
The Hola trough is located off the Vesterålen islands in the Nordland county (northern 
Fig. 1 General bathymetric map showing the location of the Hola trough in the continental shelf of Vesterålen. T: 
Tromsøflaket; M: Malangsdjupet; TB: Trænabanken. (Bøe et al., 2009)  
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Norway) (Fig.1)  
The sediment composition from the Hola trough indicates that this geological forma-
tion originated during the last glacial period (late Weichselian, 18000
14
C BP) when the 
ice from the glaciers extended from the fjords towards the continental shelf edge (Bøe et 
al., 2009). 
The offshore part of the Vesterålen continental shelf (as the major part of the Norwe-
gian shelf) is shaped by alternations of banks with depths of about 50 to 200 m and 
troughs or marine valleys (e.g. Hola) with depths ranging from 150 to 500 m. The 
northeast part of the Hola trough (depth 200 to 270 m) is flanked by the aforementioned 
Vesterålsgrunnen bank in the northeast (depth 70 to 90 m) while the Eggagrunnen bank 
occurs in the southwest(depth 70 to 80 m). In the middle section of the trough a glacial 
moraine ridge (170 to 200m depth) crosses the depression extending from bank to bank. 
In addition, a second and wider ridge traverses along the more external part of the 
trough, near the edge of the shelf (Fig. 2.) (Bøe et al., 2009). 
To a general extent, the Hola trough topography can be explained by the seafloor 
sediment composition (Bøe et al., 2009). On the ridges and the shallow areas of banks, 
coarse deposits with cobbles and boulders are predominant. In contrast, more selected 
and sediments occur in basins and deeper regions of the trough. Nearly 50 km
2 
of Hola 
are covered with sandy deposits in the central middle area, forming sand waves of dif-
ferent types and sizes. Four main sandwave fields have been identified for this region. 
Sediments present in these sand wave fields are dominated by coarse to very coarse 
sand containing shell fragments (Bøe et al., 2009). 
Fig. 2 Bathymetric map of the Hola trough. SWF= Sandwave field; CR=Coral Reef. Map scale=2 Km. Backgroung 
bathymetric map source: MAREANO 
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Some modelling attempts have lead to the conclusion that the area presents a com-
plex current regime. In the northern Norway region there are two main currents: the 
Norwegian Atlantic Current (NWAC) and the Norwegian Costal Current (NCC). The 
NWAC, which occurs deeper than the NCC, streams along the continental slope (with a 
maximum speed of 1.17 ms
-1
 along the 500 m contour depth) and flows in a northeast 
direction towards TromsØflaket. In contrast, the NCC is shallower and runs close to the 
coast in a southeastward direction (Bøe et al., 2009). 
In the Hola trough a very complex interaction between the two aforementioned cur-
rents occurs. When the NWAC flows in front of the external edge of the trough, a 
branch of it enters into Hola following a coastward direction and streaming along the 
southwestern margin. Both currents (NWAC and NCC) join together near the coast and 
are directed then away from the coast through the northeastern slope of Vesterålsgrun-
nen. This is also due to a semi-permanent anticyclonic eddy on top of this bank, which 
forces the currents to leave the coast and get into the trough again (Fig. 3.). This phe-
nomenon leads to the formation of a strong northwestward current with more than 1 ms
-
1
 near the bottom of the slope (Bøe et al., 2009). 
Some modeling attempts by Bøe et al., 2009 reveal that tidal cycles and wind pat-
terns can affect this general pattern of currents introducing local eddies in some regions 
of the trough. 
 
 
 
Fig. 3 Conceptual model based on Bøe et al., 2009 of the hydrodynamic regime in the Hola trough. The NWAC (1,17 
ms-1) gets inside the trough flowing towards the coast through the southwestern margin. Close to the coast it joins the 
NCC and due to the anticyclonic gire in the Vesterålsgrunnen Bank (VB) a northwestern direction current is origi-
nated fowing through the slope of the VB with a speed of more than 1 ms-1. In the central part of the trough a com-
plex group of eddies is created changing with tidal cycles and wind patterns. Background bathymetric map source: 
MAREANO  
Èric Jordà Molina, 2015 
Bachelor Thesis 
6 
 
2.2. Field Work 
All samples for the study were collected during a research cruise with the research 
ship Helmer Hanssen within the ARCTOS LoVe MarineEco. The cruise was conducted 
in April 2015.  
The sampling was carried out in the Hola trough. For the meso-scale approach 3 sta-
tions were performed creating a small transect of around 10 Km conformed by the sta-
tions T1, T2 and T3. T1 was located next to the most external ridge of the trough, T2 
was placed between the two ridges in a sandy esplanade and T3 was situated on the cen-
tral ridge. For the small-scale approach 5 stations (st.525, st.526, st.527, st. 530 and 
st.531) were sampledin a sandwave field next to the central ridge of Hola (Fig. 4.). For 
more information about the station see Table A. of the Appendix. 
 
Each sample was collected with a beam trawl of a 2 m wide aperture and a 5 mm 
mesh size that was towed through the bottom of the seafloor during 5 minutes at a speed 
of 1-2 knots. For each haul the positions were recorded when the trawl reached and left 
the seabed (Supplement A).Sampling depth ranged from 180 to 220 m. Environmental 
conditions and habitat type at the stations is summarized in Table 1 based on Bøe et al. 
(2009) and MAREANO (2015). 
A presorting of the samples was done on board.The samples were washedover a 
sieve of 5 mm mesh with sea water and big stones were removed.  
Finally, the samples of each station were fixed in 4% formaldehyde (borax buffered) 
and stored in plastic pots. 
Table 1. Biotope characteristics for each station in the Hola trough 
Station Type of substrate Floor morphology Current influence Type of sediment 
T1 Mix Rough terrain NWAC Sand 
T2 Mix Rough terrain NWAC Sand 
Fig. 4 Map Showing the location of the stations sampled. Stations 525, 526, 527, 530 and 531 
conformed the Hola Box group for the fine scale approach, while stations T1, T2 and T3 con-
formed the transect to study differences in a more broad scale. In the map, harder substrates are 
represented in green colours while softer are shown in blue colours. Source: MAREANO 
Èric Jordà Molina, 2015 
Bachelor Thesis 
7 
 
 
2.3. Laboratory Work 
Prior to the sorting process, samples were rinsed with fresh water during at least 12 
hours. Afterwards, the fauna was sorted in big taxonomic groups (Fig. 5. and 6.).  
Identification was intended to reach the species level for all organisms. However this 
was not possible for all organisms due to damaged specimen or limited expertise and 
taxonomic literature. In these cases, organisms were identified to higher taxonomic lev-
els.  
For the identification of the organisms different bibliography was used (Pethon, 
1994), (Tebble, 1976), (Smaldon, 1979), (Lincoln, 1979), (Naylor, 1972), (Mortensen, 
1927), (Moeri and Svensen, 2004), (Hayward and Ryland, 1995), (Muus, 1988).  
Once the animal was identified, the scientific name was checked on the World Regis-
ter of Marine Species (WORMS) database.  
T3 Hard Ridge NCC/Local eddies Gravely sand 
525 Hard Ridge/Sandwave Local eddies Sand/ Gravely sand 
526 Soft Sandwave Local eddies Sand 
527 Soft Sandwave Local eddies Sand 
530 Soft Sandwave Local eddies Sand 
531 Soft Sandwave Local eddies Sand 
Type of substrate, Floor morphology and type of sediment were deduced from the MAREANO maps (Fig. 4. and 5.), 
while the current influence was based on the general model from  Bøe et al., 2009 (Fig. 3.) 
Fig. 5. Sample T3 after being rinsed and placed on a tray before the sorting process. Photography by Èric Jordà  
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For each taxon the abundance (number of individuals) was assessed. The abundance 
from each haul was then converted to individuals per 100 m
2
 based on the towing dis-
tance sampled by the trawl times aperture width of the trawl (2 m).  
The abundance of colonial organisms was not assessed and the species were there-
forenot included in the data analysis, but their presence is mentioned in Table C in the 
appendix. 
Demersal fishes that were captured by the trawl were neither considered in the data 
analysis because they were considered not to be representative for the benthic communi-
ties monitoring purpose as they are moving constantly within a big area. Probably they 
were captured accidentally during the recovery of the sampling gear. 
Shell fragments or empty molluscs were not even identified and neither analysed as it 
cannot be assumed that they belong to the environment they have been deposited to.  
After the identification organisms were stored in plastic pots and tubes with alcohol 
80% concentration.  
A database was created with all the species names identified for each station, con-
taining the abundance assessed and the taxonomic information for all levels available.  
 
2.4. Statistical Analysis 
For all statistical analysis and graphic elaborations the softwares R project and R stu-
dio were used. 
The taxonomic composition for each station is presented as stacked bar plots gener-
ated with the R package ggplot. 
To find differences in species composition among stations a cluster analysis was per-
formed. A dissimilarity matrix was created with the vegan package applying Bray Cur-
tis distances. Clusters were ploted in a dendrogramm and a Simprof test 
(num.simulated=999; α=0.05) was run to identify significant differences among station 
groups using the clustig package. Three cluster analyses and simprof tests were carried 
out with no transformation (identity matrix), presence/absence transformation and 
square root transformation to test if the differences found were mainly due to differ-
ences in abundances or in species composition. In addition, non metric multidimen-
sional scaling (nMDS) was done to verify the patterns observed with the cluster analysis 
. 
Fig. 6. a) Sorting process of samples. b) Storing process of the samples in labeled plastic pots. Photographs by Èric 
Jordà  
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Finally, Shannon index (H’) and Pielou’s eveness index (J’) were calculated with the 
vegan package. 
 
3. Results 
A total amount of 211 different taxa of non-colonial organisms were found after ana-
lysing all samples for this study (Appendix Table B.) and 13 for colonial fauna (Appen-
dix Table C.). 
When the abundance of individuals/100 m
2
 was plotted for each phylum within each 
station variations in abundance among stations were found (Fig. 7.).  
For the Hola Box stations the pre-
dominant taxa were arthropods and 
echinoderms, followed by molluscs. 
Annelids in this group were poorly 
represented as well as the other 
phyla. The epibenthos at stations 530 
and 531 seemed to be abundant than 
the other stations within the Hola 
Box. 
For the transect stations the abun-
dance was generally higher than in 
the Hola Box, decreasing from the 
outermost station of the trough (T1) 
to the innermost one (T3). In T1 an-
nelids were the most abundant taxon 
contributing more than 50% of the 
total abundance. At this station 
sipunculids, echinoderms, molluscs 
and arthropods were almost equally 
represented. In T2 both annelids and 
echinoderms were the predominant 
taxa being nearly equally in propor-
tion. Following them, arthropods 
were also abundant but molluscs 
were less abundant than at station T1. Station T3 was the station within the transect with 
the lowest total abundance with echinoderms, arthropods and molluscs as the most 
abundant taxa in that order. 
The abundance ofspecies contributing more than 5% of the total abundance at each 
station is shown in Table 2. The most outstanding values were the ones for individuals 
of the polychaet Nothria conchylega in station T1, as well as the echinoderm Gracilech-
inus acutus in sample T3. The cluster analysis showed that within eight samples ana-
lysed four significantly different groups were identified (Fig. 8.). Two groups were 
identified in the HolaBox and the other two within the transect. 
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Fig. 7. Stacked barplot showing the abundance of individuals 
/100m
2
 per each taxa between stations. 
 
Èric Jordà Molina, 2015 
Bachelor Thesis 
10 
 
Stations 530 and 531 constituted the 
first group, while the rest of the sta-
tions of the HolaBox (525, 526, 527) 
defined the second group. Within the 
transect, stations T1 and T2 were 
grouped together, while station T3 was 
significantly different from this. 
For clustering and nMDS methods 
the square root transformed matrix was 
used to interpret the results as the most 
extreme possible transformation (pres-
ence/absence) showed the same groups 
that the non-transformed data.  
Following the hierarchy of the clus-
ter stations 530 and 531 appeared to be 
more different than the rest of the sta-
tions even not statically significant. 
The non-metric multidimensional 
scale (nMDS) showed the same pattern 
of aggregation as the clustering, creat-
ing the same four groups in the MDS 
plot (Fig. 9.).  
The Shannon’s index (H’), Pielou's 
evenness (J’), the number of taxa and 
the total abundance is shown in Table 
3. for each station. The values that 
station 527 was the most diverse in 
terms of Shannon’s index, whilst sta-
tion T1 showed the lowest Shannon 
index as well as the lowest evenness, 
indicating a dominance of one or few 
species. In contrast, station 531, had 
the highest evenness value. In general, 
the stations from the Hola Box showed 
higher evenness values than those of 
the transect. Concerning the number of 
taxa the stations of the transect had 
higher values than the ones from the 
“box”, with stations 530 and 531 with 
the lowest number of taxa. 
Table 2.  Species abundance contributing >5% of the 
sample value. A=(num. ind.); B=(num. ind./100 m2) 
Species A B 
525   
Ophiopholis aculeata 14 3.43 
Anapagurus hyndmanni 10 2.45 
Caridion gordoni 10 2.45 
Ophiocten affinis 9 2.21 
Pandalina brevirostris 8 1.96 
Macandrevia cranium 8 1.96 
Sabinea sp. 7 1.72 
526   
Ophiocomina nigra  27 5.60 
Gracilechinus acutus 15 3.11 
Pandalina brevirostris 15 3.11 
Palliolum tigerinum 11 2.28 
Bivalvia indet. 10 2.07 
527   
Pandalina brevirostris 16 3.14 
Ophiopholis aculeata 12 2.35 
Palliolum tigerinum 11 2.16 
530   
Pagurus pubescens 11 1.39 
Timoclea ovata 10 1.26 
Spatangus purpureus 9 1.13 
Anapagurus laevis 8 1.01 
Eunice dubitata 7 0.88 
Antalis entalis 6 0.76 
Antalis sp. 6 0.76 
Buccinum undatum 5 0.63 
531   
Anapagurus hyndmanni 11 2.01 
Antalis sp. 6 1.09 
Timoclea ovata 5 0.91 
Spatangus purpureus 4 0.73 
Parastichopus tremulus 4 0.73 
T1   
Nothria conchylega 283 108.85 
Sipuncula indet. 79 30.38 
Gracilechinus acutus 37 14.23 
T2   
Eunice dubitata 73 25 
Gracilechinus acutus 47 16.10 
Nothria conchylega 30 10.27 
Sipuncula indet. 20 6.85 
T3   
Gracilechinus acutus 122 23.19 
Ophiopholis aculeata 39 7.41 
Palliolum striatum 32 6.08 
D
is
si
m
ila
ri
ty
 %
 
Èric Jordà Molina, 2015 
Bachelor Thesis 
11 
 
 
 
  
 
 
Fig. 9. Non-metric multidimensional scaling (nMDS) plot showing the differences species composition between the 
stations. The dots are coloured with the same colours defined by the simprof test in Fig. 9. The nMDS was construct-
ed based on Bray-Curtis dissimilarity with geodesic distances (epsilon=0.9), Permutations=999 and K=2. 
 
Fig. 8. Cluster dendrogram with four statistically significant groups defined by the Simprof test colored in red (sta-
tions 530 and 531), green (stations 525, 526 and 527), light blue (station T3) and purple (stations T1 and T2). Data 
were square root transformed. The cluster was constructed based on Bray-Curtis dissimilarity distances with an 
α=0.01. 
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The same pattern was found for the 
abundance, with the stations of the tran-
sect with higher values then the 
HolaBox stations (over 80 
ind./100m
2
).Stations 530 and 531 of the 
“box” had the lowest values (11.34 and 
12.03 ind./100m
2
). 
 
 
4. Discussion  
The results of this study showed that 
the community composition differed 
significantly both along the transect and 
within the HolaBox, indicating a rela-
tive high small-scale variability of 
epibenthic communities within the Hola trough. 
For the stations of the transect a clear gradient in terms of abundance was detected 
from the most outer station of the trough to the most inner one.  Abundance decreased 
from the edge of the shelf to the central ridge gradually. In contrast, the amount of dif-
ferent taxa increased. The variability of abundance might be related to the availability of 
nutrients. Probably, at the edge of the shelf, due to the entering of the NWAC into the 
trough, some upwelling occur transporting nutrients into the trough that can be used for 
primary producers in the surface. Therefore, through the pelagic-benthic coupling the 
primary production can reach the seafloor enriching the benthic communities with 
available food. It is probable, then, that these nutrients decrease towards the inner part 
of the trough, far from the upwelling zone. Based on MAREANO maps, it seems that 
the closer part of the trough to the shelf edge is more homogeneous concerning the to-
pographic submarine elements. This can be probably the explanation to the gain in 
number of different taxa towards the inner part, where ridges, sand wave fields, coral 
reefs and pockmarks occur providing heterogeneous environments for more diverse 
communities.  
In stations T1 and T2 of the transec, the dominance of few species was obvious. Par-
ticularly some polychaetes such as Nothria conchylega and Eunice dubitata were highly 
abundant. These two annelid species are hemi sessile tube builders and they are omni-
vores, mainly detritus feeders. As hemi sessile fauna they are discretely motile. The tube 
lies free on the surface and is transported with the animal when it forages. This species 
are mainly found in bottoms with sand, gravel, mud, and various mixtures of mud, sand, 
broken shells and rocks to depths of 4020 m (Institute of Oceanology. Polysh Academy 
of Sciences, 1996).  
Gracilechinus acutus was also quite abundant in these two stations. This sea urchin 
is present in soft bottoms dominated by coarse and medium sands (González-Irusta  et 
al., 2012). They are mainly carnivorous feeding on molluscs and crustaceans (Khanna 
and Yadav, 2005).. As stated in Table 1, stations T1 and T2 represent a mixture of bot-
tom types (between hard and soft). Therefore, spatial patchiness in substrate can be ex-
Table 3. Diversity indices and total abundances 
Stations H' J' 
Number 
of taxa 
Abundance 
ind./100m2 
525 3,41 0,89 47 34,31 
526 3,33 0,87 46 39,83 
527 3,55 0,90 51 31,57 
530 2,84 0,89 24 11,34 
531 3,09 0,91 30 12,03 
T1 2,56 0,60 72 250,00 
T2 3,45 0,79 79 133,90 
T3 3,36 0,76 84 87,83 
H’=Shannon index, J’=Pielous evenness index 
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pected to occur in this region of the trough, providing suitable habitat for species of soft 
and mixed bottoms (e.g. N. conchylega and E. Dubitata) as well as for species of coarse 
sediments and hard substrate (e.g.G. echinus).  
Finally station T3 was dominated largely by G. echinus. This station was placed in 
the central ridge where coarser sediments are probably present, while the annelid spe-
cies that dominated the outermost stations were almost absent. 
The cluster analysis revealed two different groups for the Hola Box (one for stations 
525, 526 and 527 and another one for stations 530 and 531). But why these two groups 
are significantly different from each other if the stations are so close to each other? 
Which are the factors that could cause those differences? 
All the stations for the Hola Box were situated on a sandwave field. Stations 530 and 
531 were located at the most northern part of the field, while the other three (527, 526 
and 525) were situated on the most southern part. The sand wave field in the Hola 
trough represent a huge variability over short distances (Bubhl-Mortensen et al., 2015). 
The main currents occurring in this zone have been extrapolated by modelling simula-
tions. This models predict that current patterns can be changed with tidal cycles and 
local seafloor topography (Bøe et al., 2009). It is though that recurrent tidal cycles cre-
ate a defined pattern of eddies which frequently occur in the same position shaping the 
seafloor with particular signatures. However, the model resolution used by Bøe et al. is 
800 m and it is unable to explain the whole interaction between hydrodynamic regimes 
and bottom topography. This way, smaller eddies with higher local current velocities 
could be undetected.  It is also stated that bottom current velocity and direction has de-
pendence on the time of the year as well as on the stage of the tidal cycle and that wind 
patterns can also have an effect (Bøe et al., 2009). All above mentioned demonstrates 
that this is a very complex area regarding oceanographic features. This complex system, 
together with the tidal drift, shape the sand waves and move the waves back and forth 
on the seabed (Buhl-Mortensen et al., 2015). The strong currents (reaching 1m/s near 
the bottom) resulted in sand waves of three different sizes. The bigger ones are shaped 
like swells of 200m length. On these “swells” smaller waves of 10-15m length and 
about 1m high occur. Finally, the smallest waves are called sand ripples, not higher than 
10 cm (Buhl-Mortensen et al., 2015). This demonstrates that even the small area of this 
sandwave field (14 km
2
) (Bøe et al., 2009) consists of a heterogeneous environment. 
Moreover,  in such a mobile environment the fauna has been proved to be scarce (Lene 
Bubhl-Mortensen et al., 2015). This is consistent with the results obtained in our study 
showing that the abundance and the amount of different taxa
 
in the stations of the Hola 
Box located on the sandwave field is lower than the values assessed for the stations of 
the transect.  
Stations 530 and 531 showed lower total abundances than the other three stations of 
the HolaBox, indicating that the more  northern part of the sandwave field might be sub-
jected to stronger influence of local currents, making the sand waves to be more propi-
tious to movement. Therefore, a less favourable environment for organisms could be 
present in these two stations making them significantly different from the others in 
terms of abundance.  
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Generally, the species found in the sandwave field were predominantly mobile spe-
cies such as the brittle stars Ophiopholis aculeata, Ophiocten affinis or Ophiocomina 
nigra. These species are scavengers or detritivorous moving on the seafloor while 
searching for decaying matter. Also hermit crabs such as Anapagurus laevis and Pagu-
rus pubescens are mobile and have a similar feeding strategy. Pectinids like Palliolum 
tigerinum were also found in this region of mobile sand. They are relatively mobile 
epibenthic bivalves that can propel themselves along short distances with fast closure of 
their valves if disturbed. Hyperbenthic organisms like small demersal crustaceans were 
as well an abundant part of the communities of the sandwave fields (e.g. Caridion 
gordoni, Pandalina brevirostris or Sabinea sp.). In contrast annelids were almost absent 
from this area, probably due to their need for more stable soft bottom. The fact that this 
dynamic environment is changing constantly is probably also causing that the communi-
ties have higher evenness values (with higher J’ indexes) preventing the dominance of 
species adapted to stable habitats.  
This study, however, is limited in some respect. First, colonial organisms couldn’t be 
included since the biomass of the species was not assessed. For a more accurate descrip-
tion of benthic communities for this region they should be included. Second, the use of 
a trawling gear is a semi-quantiative method of sampling as one cannot control how the 
trawl is behaving in the bottom and not all species are caught with the same efficiency 
(Reiss et al., 2006). Especially on the sand wave field this could have biased the results, 
if the trawl was jumping over the waves. This might have been some zones (between 
dunes) that remained unsampled, possibly contributed to the observed low abundance of 
organisms in this area. Finally, more samples for each station should have been taken in 
order to assess the local variability in other locations of the trough apart from the sand 
wave field. 
 
5. Conclusion 
The results of this study suggest that the complex system of different hydrodynamic 
features as well as varied topographic submarine elements in the Hola trough affects the 
variability of epibenthic communities. 
In this study I have distinguished two main communities. One is characterised by a 
more mobile fauna which faces with a permanent changing environment. This is the 
case in the sand wave field, a scarce environment in terms of abundance of individuals 
and different taxa. Furthermore, it is a quite heterogeneous area with different sand 
wave sizes and types. Moreover, the influence of complex local eddies might induce 
different behaviours on the sand waves (back and forward movements) not homogene-
ous among the field, therefore introducing even more heterogeneity.  
The other community is situated along the transect characterised by a more mixed 
and stable bottom, necessary to hold a more hemi sessile fauna.  
However this general trend cannot be generalized as four different significant groups 
have been detected. This means that both in a meso-scale approach or in a small one the 
heterogeneity of the environment is so high that local features yet unstudied could influ-
ence the benthic community structure.  
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As mentioned before, MAREANO is trying to identify and describe the habitats of 
the Norwegian shelf. However, to do so only few stations have been sampled in strate-
gic locations to give a general approach of how the distribution of leaving resources is. 
MAREANO studies, however, are not dealing with small-scale variability as the present 
research does.  
Even a first general picture has been achieved after this research I suggest that more 
studies have to be carried out if we want to understand the complex system of the Hola 
trough at an integrated level. Environmental drivers in a local scale should be assessed 
in a detailed way so that enables us to explain the heterogeneity of epibenthic communi-
ties. Also some accessory samples such as sediment corers and grab samples could be 
useful to commit this goal.  
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Table B. LoVe 2015 Species Database showing the abundance (ind./100m2) for each station. Only non-colonial organisms are present.  
Species 525 526 527 530 531 T1 T2 T3 
Abra alba 
    
0.36 
   
Acanthicolepis asperrima 
  
0.39 
   
0.34 0.19 
Acidostoma obesum 0.49 
       
Actinopteri indet. 0.74 
   
0.18 
   
Aegiochus ventrosa 
     
0.38 0.34 0.38 
Alentia gelatinosa 
  
0.20 
   
0.34 
 
Alvania sp. 
       
0.38 
Ampelisca macrocephala 
   
0.13 
    
Amphipholis squamata 
      
0.34 
 
Amphipoda sp. 
     
0.38 
  
Amphiura chiajei 
 
0.21 
    
1.37 
 
Table A. LoVe 2015 stations information 
Station Category Date 
Start position (decimal 
degrees) 
End position (decimal degrees) 
Sampled dis-
tance (m) 
Sampled sur-
face (m2) 
Depth 
525 Hola Box 23/04/2015 68.939533; 14.2109 68.939367; 14.205833 204 408 195 
526 Hola Box 23/04/2015 68.941283; 14.209667 68.941267; 14.203638 241 482 204 
527 Hola Box 23/04/2015 68.943362; 14.20761 68.943755; 14.201325 255 510 207 
530 Hola Box 23/04/2015 68.945728; 14.198347 68.944503; 14.189032 397 794 211 
531 Hola Box 23/04/2015 ● 68.947893; 14.197367 274,25●● 548,5 220 
T1 Transect 25/04/2015 68.991387; 14.040383 68.992035; 14.0431 130 260 204 
T2 Transect 25/04/2015 68.961587; 14.101793 68.962623; 14.104022 146 292 208 
T3 Transect 25/04/2015 68.920062; 14.20879 68.920255; 14.215348 263 526 180 
●Value not available ●●Sampled distance for station 531 extrapolated by the mean average of the distances calculated for the rest stations of the Hola 
Box group. 
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Anapagurus hyndmanni 2.45 
   
2.01 
   
Anapagurus laevis 0.49 
  
1.01 
 
1.15 1.37 
 
Anonyx sarsi 
  
0.20 
   
0.34 
 
Antalis entalis 
  
0.20 0.76 0.36 7.69 0.34 
 
Antalis sp. 
   
0.76 1.09 
   
Apherusa bispinosa  
     
1.54 
  
Aphrodita aculeata 
     
0.38 0.34 0.38 
Arctica islandica 
     
1.15 
  
Ascidia mentula  0.25 
       
Ascidia virginea 
       
0.19 
Ascidiacea indet. 0.25 
       
Astacilla longicornis 0.25 
    
0.38 
  
Astarte crebricostata 
     
0.38 
  
Asterias rubens 
     
0.38 
  
Atlantopandalus propinqvus 
     
0.77 
  
Bivalvia indet. 
 
2.07 
  
0.36 
 
0.68 0.19 
Bopyridae indet. 0.25 
 
0.20 
     
Brosme brosme 
  
0.39 
     
Buccinum hydrophanum 
       
0.95 
Buccinum undatum 0.49 1.66 0.39 0.63 0.55 1.92 1.71 
 
Byblis gaimardii 
     
0.77 
  
Campylaspis sulcata 
      
0.68 0.19 
Caridion gordoni 2.45 0.62 
    
0.34 0.38 
Caridion steveni 
  
0.39 
     
Ceramaster granularis 0.25 
    
0.77 0.34 0.19 
Chlamys islandica 
       
0.19 
Cirratulidae indet. 
   
0.13 
    
Cirratulidae sp. 
     
0.38 
  
Èric Jordà Molina, 2015 
Bachelor Thesis 
20 
 
Cirratulus cirratus 
      
0.68 
 
Clelandella miliaris 
      
0.34 
 
Colus islandicus 
      
0.34 
 
Colus jeffreysianus  
       
0.19 
Crangon allmanni 
 
0.21 
 
0.13 0.55 
   
Crangon crangon 
  
0.20 
     
Decapoda indet. 
  
0.98 
     
Dexamine spinosa 
       
0.19 
Dichelopandalus bonnieri 0.49 
   
0.18 
   
Echinocardium cordatum 
    
0.18 0.38 
  
Echinus esculentus 
  
0.20 0.38 
  
1.71 1.71 
Emarginula fissura 
      
0.34 
 
Erythrops abyssorum 
    
0.18 
   
Erythrops elegans 
     
0.77 
  
Erythrops serratus 
     
0.38 
  
Erythrops sp. 
      
0.34 0.38 
Eulalia tjalfiensis 
      
0.34 
 
Eulima bilineata 
       
0.38 
Eunice dubitata 0.98 0.62 0.98 0.88 
 
8.46 25.00 2.47 
Eunoe nodosa 0.25 
    
0.38 0.68 
 
Euphrosinidae indet. 0.25 0.41 0.20 0.13 
    
Eupolymnia nebulosa 
      
0.34 
 
Euspira montagui 
     
0.77 
  
Euspira pallida 
   
0.13 
    
Filograna implexa 
       
0.19 
Fish juvenile 
      
0.34 
 
Gadiculus thori 
  
0.20 0.13 
 
0.38 
  
Gammaridea indet. 1 0.25 
   
0.18 
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Gammaridea indet. 2 
    
0.18 
   
Gammaridea indet. 3 
 
0.21 
      
Gammaridea indet. 4 
     
0.38 
  
Gammaridea indet. 5 
      
2.05 
 
Gastropoda indet. 1 
      
0.34 
 
Gastropoda indet. 2 
       
0.19 
Gastropoda indet. 3 
       
0.38 
Glyceridae indet. 
      
0.34 0.19 
Gnathia vorax 
     
0.38 
  
Gracilechinus acutus 1.47 3.11 1.18 0.25 0.36 14.23 16.10 23.19 
Harmothoe propinqua  
      
2.40 
 
Harmothoe sp. 
 
0.21 0.39 
  
2.31 
 
0.38 
Henricia sanguinolenta 0.25 0.21 
     
0.38 
Hesionidae indet. 
     
0.38 
 
0.19 
Heteranomia squamula 
       
0.38 
Hiatella arctica 0.25 
      
0.76 
Hippasteria phrygiana 
       
0.38 
Hippoglossoides platessoides  
 
0.21 
      
Hippomedon denticulatus 0.25 
 
0.20 
 
0.18 
   
Hyalinoecia tubicola 
     
3.08 2.05 
 
Hyas araneus 
      
0.34 
 
Hyas coarctatus 0.25 
       
Hydroides norvegica 
     
1.15 
  
Iothia fulva 
       
0.19 
Isopoda indet. 
 
0.21 
      
Janira maculosa 
  
0.20 
  
0.38 
 
0.76 
Karnekampia sulcata 
 
0.62 0.98 
    
0.76 
Lamellaria latens 
 
0.21 
     
0.38 
Èric Jordà Molina, 2015 
Bachelor Thesis 
22 
 
Lebbeus polaris 
 
0.21 
      
Lepidonotus squamatus 
   
0.38 
    
Leptasterias (Leptasterias) muelleri 0.21 
    
0.34 
 
Leptochiton asellus 
  
0.20 
     
Leptosynapta sp. 
      
0.34 
 
Leptychaster arcticus 0.25 
       
Leucothoe spinicarpa 
 
0.21 
     
0.19 
Liljeborgia kinahani 
       
0.19 
Lipobranchius jeffreysii  
       
0.19 
Luidia sarsii 
   
0.13 0.18 4.62 5.14 0.95 
Lumbrineridae indet. 
     
0.38 0.34 0.57 
Lycenchelys sarsii 
 
0.62 0.39 
  
0.38 
 
0.38 
Lyssianasidae 0.25 
       
Macandrevia cranium 1.96 
    
1.92 1.37 
 
Magelonidae indet. 
     
3.46 
  
Maldanidae indet. 
       
0.19 
Malmgreniella castanea 
   
0.13 
    
Malmgreniella mcintoshi  
      
2.05 
 
Margarites helicinus 
    
0.18 
 
0.34 0.19 
Meganyctiphanes norvegica 
      
0.34 0.57 
Modiolus modiolus 
     
0.38 
 
1.52 
Munida sarsi 0.74 1.66 1.37 
 
0.36 2.31 1.37 2.28 
Mysidae indet. 
    
0.36 
   
Mysidopsis gibbosa 
    
0.18 
   
Myxine glutinosa 
    
0.18 0.38 0.68 
 
Natatolana borealis 0.25 
      
0.38 
Nematoda indet. 
  
0.20 
   
0.34 
 
Nemertea indet. 0.25 
 
0.78 
  
5.77 4.11 
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Nephtyidae indet. 
  
0.20 
     
Nephtys caeca 0.25 0.41 0.20 
  
3.08 1.37 2.28 
Nephtys sp. 
      
0.68 
 
Neptunea despecta 
 
0.21 
     
0.19 
Nereimyra punctata 
     
0.38 
  
Nereis zonata 
     
0.38 
  
Nertmertea sp. 
       
0.38 
Nothria conchylega 
    
0.18 108.85 10.27 0.19 
Notophyllum foliosum 
  
0.20 
  
0.38 1.37 
 
Nototropis nordlandicus 
     
0.38 0.68 
 
Nymphon brevitarse 
     
1.54 1.37 0.57 
Nymphon gracile 0.25 
       
Nymphon hirtipes  
 
0.41 
      
Nymphon hirtum 
  
0.59 
     
Nymphon leptocheles 
      
3.77 0.19 
Nymphon longitarse 
       
0.38 
Nymphon stroemi 
 
1.66 1.37 
  
0.77 
 
3.04 
Nymphon tenellum  
       
0.76 
Ophiocomina nigra 
 
5.60 0.39 
     
Ophiocten affinis 2.21 0.62 
  
0.18 0.77 
  
Ophiopholis aculeata 3.43 0.83 2.35 0.13 
  
0.68 7.41 
Ophiothrix fragilis 0.74 1.45 1.37 
     
Ophiura albida 
  
0.78 
  
0.38 1.37 
 
Ophiura robusta 
       
1.90 
Ophiura sarsii 
    
0.18 
   
Ophiurida indet. 
  
0.78 
     
Ophiuroidea indet. 
      
0.34 
 
Pagurus pubescens 
 
1.87 0.98 1.39 
 
3.85 2.40 1.90 
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Palliolum striatum 
 
0.21 0.20 
  
0.38 1.71 6.08 
Palliolum tigerinum 1.47 2.28 2.16 
     
Pandalina brevirostris 1.96 3.11 3.14 
  
0.38 0.34 2.47 
Pandalus sp. 
 
0.41 
      
Parastichopus tremulus 
 
0.41 1.57 0.50 0.73 0.38 1.71 2.09 
Pectinaria sp. 0.25 
       
Pectinidae indet. 0.98 
     
0.34 0.19 
Philocheras echinulatus 
  
0.20 
    
0.19 
Photis reinhardi 
     
0.38 
  
Phtisica marina 
      
0.34 
 
Phyllodoce groenlandica 
     
1.54 0.68 
 
Phyllodocidae indet. 
     
0.38 
  
Polydora sp. 
     
0.38 
  
Polynoidae indet. 
 
0.21 
    
0.34 
 
Pontaster tenuispinus 
    
0.18 
   
Pontophilus norvegicus 
 
0.41 
   
0.77 0.34 
 
Protula tubularia 
      
0.34 
 
Psammechinus miliaris 0.25 
 
0.20 
     
Pseudamussium peslutrae 
 
0.41 0.78 
   
0.68 1.33 
Pseudarchaster parelii 
      
0.34 0.19 
Pseudomystides limbata 
       
0.19 
Psolus squamatus  
       
0.57 
Pteraster militaris 0.25 0.21 0.39 
    
0.19 
Puncturella noachina 
     
0.38 
  
Pycnogonum crassirostrum 
      
0.34 
 
Rossia macrosoma 
 
0.21 
      
Rossia palpebrosa 
       
0.19 
Sabella pavonina 0.25 
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Sabinea sp. 1.72 1.45 0.20 
 
0.18 2.31 1.71 2.28 
Scaphander lignarius 
 
0.41 
   
0.77 1.37 0.19 
Scaphopoda indet. 
     
8.08 
  
Similipecten similis 
      
0.34 
 
Sipuncula indet. 
     
30.38 6.85 
 
Socarnes filicornis 
       
0.19 
Spatangus purpureus 0.25 0.83 0.59 1.13 0.73 3.46 5.82 0.76 
Spirontocaris liljeborgii 0.98 0.41 0.20 
   
0.34 0.95 
Spirontocaris spinus 
  
0.39 
     
Spisula elliptica  
   
0.50 
  
0.34 
 
Stegocephaloides christianiensis 
       
0.19 
Stenothoidae indet. 
  
0.39 
     
Stichastrella rosea 0.25 0.21 
 
0.13 
 
2.69 1.37 0.76 
Streblosoma bairdi  
     
0.38 
  
Strongylocentrotus droebachiensis 1.47 1.24 0.59 
   
2.40 1.52 
Syllis armillaris 
     
0.38 
 
0.19 
Syllis cornuta 
      
0.34 
 
Syllis sp. 
     
0.77 
  
Terebellidae indet. 
     
0.77 0.68 
 
Terebratulina retusa 0.25 
 
0.20 
     
Thysanoessa inermis 0.25 
       
Thysanoessa raschii 
    
0.36 
   
Timoclea ovata 
   
1.26 0.91 1.15 
 
0.38 
Torellia delicata 0.25 
       
Trichobranchidae indet. 
       
0.19 
Triglops murrayi 
 
0.62 0.20 
    
0.76 
Tritaeta gibbosa 
       
0.19 
Trivia arctica 
       
0.19 
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Trophonopsis barvicensis 
       
0.76 
Tryphosites longipes 
   
0.25 
 
0.77 0.68 
 
Velutina velutina 
     
0.38 
  
Verruca stroemia 
       
0.19 
 
Table C. LoVe Database. Colonial organisms present in each station are shown. Abundance not assessed. 
Species 525 526 527 530 531 T1 T2 T3 
Axinellidae indet. x x x x x  x x 
Bryozoa indet.        x 
Candelabrum cocksii       x  
Hydroidolina indet. x     x x  
Microcionidae indet.     x  x  
Myxillidae indet. x x x      
Polymastiidae indet.      x   
Porifera indet. x x x    x x 
Rhodophyta x        
Tethya norvegica x x      x 
Thuiaria thuja x  x   x x x 
Cnidaria       x  
Zoanthidea indet.      x x x 
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Table D. Work schedule  
Month August September October November December 
Week 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
Biobliographic research                     
Processing samples in the lab                     
Statistical analysis of the data                     
Writing of the thesis                     
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